Objective: This study was performed to identify a possible association of the clinical parameters of systemic sclerosis (SSc) and the socioeconomic status (SES) with oral health-related quality of life (OHrQoL) as measured by the Oral Health Impact Profile 49 (OHIP 49), taking into account the effect of educational level (as a proxy of SES) on oral health. Methods: Subjects were recruited from the Croatian SSc Center of Excellence cohort. Detailed dental and clinical examinations were performed according to standardized protocols. The associations of OHrQoL with disease characteristics and socioeconomic status were examined. Results: Thirty-one consecutive patients with SSc were enrolled (29 women; mean age, 56.45 AE 13.60 years). OHIP 49 scores were significantly correlated with disease activity and severity. Furthermore, OHrQoL was positively correlated with skin involvement as evaluated by the
Introduction
Systemic sclerosis (SSc) is a multisystem connective tissue disease characterized by tissue thickening and fibrosis of the skin, often with involvement of internal organs including the gut, lungs, pulmonary arteries, heart, and kidneys. 1 SSc can be divided into limited cutaneous SSc and diffuse cutaneous SSc. 2 The etiology of SSc is still unknown.
3 SSc is a rare disease. Several surveys have recently been performed in an attempt to define the prevalence of SSc, a disease carrying considerable morbidity and mortality. The prevalence of SSc appears to be higher in the United States (where it has been estimated at 24.2 per 100,000) 4 than in Europe (where recent studies in Iceland, England, France, and Greece have estimated rates ranging from 7.1 to 15.8 per 100,000). [5] [6] [7] [8] The prevalence of SSc in Split-Dalmatia County, Croatia was estimated at 15.6 cases per 100,000 adults. 9 SSc is characterized by microangiopathy, dysregulated immune function, and tissue remodeling, which commonly involves the oral cavity. The mouth, oral cavity, and teeth can be affected in patients with SSc, leading to difficulties with speech, feeding, and reduced quality of life (QoL). Patients with SSc have less saliva production, smaller interdental distances, more missing teeth, and more periodontal disease than healthy people. 10 The etiology of excess periodontal disease is probably multifactorial and remains unclear. In patients with SSc, the diminished interincisal distance is associated with disease severity, and the decreased saliva production is associated with concomitant Sj€ ogren's syndromerelated antibodies. 11 Furthermore, according to the results from a recent Canadian Oral Health study, radiologic findings of SSc that clearly differ from patients without SSc are erosions of the mandible and widening of the periodontal ligament. 12 People with a lower socioeconomic status (SES) have worse health outcomes. Several measures of SES are used, such as vocation, education level, income, and employment status. [13] [14] [15] SSc often begins in middle age; therefore, the disease usually appears many years after finishing education. Education level as a surrogate of SES has been used in clinical trials of patients with cancer. Herndon et al. 16 evaluated more than 6000 patients with breast cancer and concluded that post-trial survivorship plans need to focus on women with a low social status as measured by education. Considering the course and prognosis of the disease, there was a presumption that a low education level (a surrogate of SES completed long before SSc onset) may be associated with worse outcomes in patients with SSc. In another previous study, however, education level was not associated with a poorer prognosis in patients with SSc after adjusting for confounding factors, and the correlation between disease severity and oral health-related QoL (OHrQoL) in patients with SSc was not confimed. 11, 17, 18 The relationship between SES and general health has been extensively investigated. A close link between SES and health is well established; however, whether low SES as measured by the educational level contributes to impaired OHrQoL in patients with SSc is unknown. Transition countries, such as Croatia, have more marked socioeconomic differences than do well-developed countries. The aim of the present study was to identify a possible correlation of the clinical parameters of SSc and SES with OHrQoL as measured by the Oral Health Impact Profile 49 (OHIP 49) taking into account the effect of educational level (as a proxy of SES) on oral health in the Croatian SSc cohort.
Materials and methods

Study design and population
This single-center, cross-sectional study was conducted from August 2015 to February 2017. To be eligible, patients had to fulfill the classification criteria of definite SSc proposed by the American College of Rheumatology (ACR). 19 The distinction between limited cutaneous SSc and diffuse cutaneous SSc was made according to the criteria defined by LeRoy et al. 2 The SSc disease duration was defined as the duration of time since onset of the first nonRaynaud's phenomenon manifestation. Patients with other systemic diseases, including concomitant Sj€ ogren's syndrome, were excluded from this study. This study was conducted in compliance with the Helsinki Declaration and its revisions. The protocol was approved by the University Hospital Split Ethics Committee. All patients provided written informed consent prior to enrolling in the study.
The patients underwent a physical examination and comprehensive laboratory evaluation including a full blood count and measurement of the erythrocyte sedimentation rate, renal and liver function indices, C3 and C4 levels, and antinuclear and antiextractable nuclear antigen antibodies. Anticentromere antibodies were tested by indirect immunofluorescence on HEp-2 cells, and anti-Scl70 antibodies were determined by enzyme-linked immunosorbent assay.
Instrumental investigations included electrocardiography, esophagography, chest radiography, pulmonary function testing with the diffusing capacity for carbon monoxide (DLCO) adjusted for the hemoglobin concentration, and Doppler echocardiography to evaluate the left ventricular ejection fraction and estimate the pulmonary artery systolic pressure (sPAP). If no tricuspid regurgitation could be detected, the sPAP was presumed normal; the estimated sPAP was considered abnormal if it was >35 mmHg. The coefficient of variation of the pulmonary function test with DLCO was <5%.
Measures of disease severity and activity
Generally, joint/tendon, muscle, renal, skin, vascular, pulmonary, and cardiac involvement were evaluated based on a severity scale classification proposed by Medsger et al. 20 The validated Medsger Severity Scale was used to determine organ-specific disease severity, scaled from 0 to 36. 20 Disease activity was assessed according to Valentini et al. 21 Skin involvement was assessed using the modified Rodnan skin score (mRSS), ranging from 0 to 51. 22 One assessor (M.R.) evaluated all disease severity and activity measures.
Measures of OHrQoL
The self-administered Croatian version of the OHIP 49 was used to measure the dental outcome in terms of its influence on OHrQoL. 23 The OHIP is a 49-item measure with statements divided into 7 theoretical domains: functional limitation, pain, psychological discomfort, physical disability, psychological disability, social disability, and handicap. 24 Responses to each of the 49 OHIP statements were based on the Likert scale (i.e., 0 ¼ never, 1 ¼ hardly ever, 2 ¼ occasionally, 3 ¼ fairly often, and 4 ¼ very often). Thus, lower scores indicate better OHrQoL. Patients were also offered an option of "don't know" for each question; however, if more than nine responses were left blank or marked "don't know," the questionnaire was discarded and the patient was excluded from the study.
Measures of health assessment
The Scleroderma Health Assessment Questionnaire (SHAQ) consists of 20 items distributed among 8 domains and has 5 additional domains that assess dysfunctions caused by the symptoms of systemic scleroderma. A visual analog scale (VAS) is used for the five additional domains. The VAS is documented in paper form using a 100-mmlong horizontal line, and patients are instructed to place a cross on the line that most accurately represents their level of dysfunction. The VAS scores are transferred to a 100-value scale using a millimeter tape measure and converted to subscores ranging from 0 (no disability) to 3 (maximal disability). The overall score of the questionnaire is the sum of each of the five VAS subscores plus the scores for the eight domains, divided by 13. 25 A second assessor (D.M.K.), different from the one evaluating the disease activity and severity, evaluated the SHAQ.
Measures of SES
SES was measured by education level ("did not complete high school" and "completed high school or more"). Education is only a part of the total SES but was used as a surrogate because the exposure to "highest education level completed" would have occurred long before SSc onset, and we wanted to determine whether education level is predictive of SSc outcomes. 
Statistical methods
Results
Patient demographics
Thirty-one consecutive patients with SSc were enrolled in this study (Table 1 ). All patients fulfilled the ACR criteria for a diagnosis of SSc. 19 Most patients were women (94%). The patients' mean age was 56 AE 14 years, and their mean disease duration from onset of the first non-Raynaud's phenomenon manifestation was 7 years (range, 1-28 years). Sj€ ogren's syndrome was ruled out in all patients by negative anti-Ro and anti-La antibodies. With respect to the disease subset, 90% of patients had the diffuse cutaneous disease form. All patients were Caucasian, and 35% had a high school education or more. The median physicianassessed disease severity and activity were 11.5 (range, 4-22) and 4 (range, 2-7), respectively. The mean OHIP 49 score was 44 AE 21, and the mean SHAQ score was 0.93 AE 0.73.
OHrQoL
The OHIP 49 score was positively correlat- 
Health assessment and SES
Health assessment in patients with SSc as measured by the SHAQ on the basis of the educational level (as a proxy of SES) was significantly impaired in patients with lower SES (Figure 1(a) ). Higher OHIP 49 scores were detected in patients with lower SES (primary school educational level, p ¼ 0.001) (Figure 1(b) ). SES as measured by the educational level was not correlated with physicianassessed disease severity or activity.
Comparison with control group
To understand the impact of SSc on OHrQoL, our SSc cohort was compared with a control group of similar age and sex (Table 2 ). There was no statistically relevant difference in educational level or smoking status between the two groups. The use of medications associated with dry mouth was significantly higher in the SSc cohort (p < 0.01). Significantly higher OHIP 49 scores were found in the SSc cohort than in the control group (p < 0.0001).
Discussion
Patients with SSc can have a high risk of developing caries, periodontal conditions, and infections due to a number of factors including hyposalivation, impaired oral hygiene practices, and immunosuppressive drug use. 26 Previous studies have shown that OHrQoL is not captured by the physician's assessment of disease activity and severity in patients with SSc. 11, 18 Contrary to previous studies, we found that disease severity and activity were related to the OHIP 49 score. 18 Creating questionnaires with greater specificity for orofacial symptoms might improve early detection of these changes, which is a particularly important aspect that is regularly overlooked and undertreated. Dry mouth is a frequent yet underreported symptom and may be an early manifestation of autonomic 27 used a specifically designed questionnaire for assessment of dry mouth in patients with Parkinson's disease. Our data suggest that OHrQoL is correlated with the severity of general, skin, gastrointestinal, and joint/tendon involvement in patients with SSc. The disease subset and autoantibody profile could play a role in the oral manifestation of SSc. Compared with previous studies, our SSc cohort had different characteristics in regards to the disease subset, autoantibody profile, and educational level. Our mean OHIP 49 score was comparable with that in a previous study (44 vs 41, respectively), but the rate of patients with the education level of "completed high school or more" was lower (35% vs 50%, respectively). 18 Considering that previous studies were conducted in well-developed countries with excellent medical care, the differences in these results could be due to the level of medical care provided to patients. According to published data from the World Health Organization in 2014, living in Croatia compared with Canada means that an individual spends an average of 64.35% less on health care. 28 The present study has several limitations: the OHIP 49 has not been validated specifically for SSc, the sample size was small, and the disease duration differed among patients. The level of education was an independent factor impacting the dental status based on the adjusted analysis, but a multivariate analysis could not be performed because of the small sample size. Furthermore, we did not examine oral health and self-reported oral health attitudes and behaviors. There is a complex interaction among OHrQoL, oral healthrelated attitudes and behaviors, and oral health status as recently reported in a cross-sectional study by Vigu et al. 29 We assume that patients with SSc with higher educational levels take better care of their oral health. Education beyond primary school was associated with better oral QoL and better health assessment in patients with SSc. Croatia is a country in transition and shows obvious differences in SES compared with Canada. Hence, we postulate that better medical care provided to patients and a higher educational level are possible reasons for the differences between the studies. Lower SES was associated with impaired OHrQoL. Therefore, collaboration between rheumatologists and dental professionals is required to improve dental care and oral health outcomes for patients with SSc. Providing comprehensive information about oral health at the very beginning of SSc could possibly decrease inequalities in dental health by educational level. Larger studies are necessary to confirm our results.
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